Rapidly growing primary cultures of normal human mammary epithelial cells (HMEC) were exposed to 1 jig of benzo [a]pyrene (B[a]P) per ml for two or three 24-hr periods. The B[a]P-treated populations consistently contained cells displaying a longer period of active growth in culture compared to the untreated control cells. Widespread heterogeneity in morphology and growth patterns was evidenced in these "extended life" (EL) cultures, with multiple sequential changes in these parameters occurring during the course of their life in culture. Two apparently immortal continuous cell lines have thus far emerged from these EL cultures. These lines have been characterized to be of human mammary epithelial origin and derived from the originally treated HMEC specimen. The continuous lines do not appear to be malignantly transformed as they do not cause tumor formation in nude mice and show little or no anchorage-independent growth. Nonetheless, they have acquired several properties characteristic of tumor-derived HMEC, which distinguish them from their normal progenitors. These cell lines, as well as the EL strains, may provide useful substrates for studies to determine what agents can induce further transforming events. Additionally, analysis of the multiple steps occurring in the EL cultures, as well as in the emergence of the continuous cell lines, could potentially elucidate the processes occurring during human epithelial cell carcinogenesis and escape from senescence. 
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Establishment of methods to transform human epithelial cells in vitro could facilitate the understanding of the causative agents of human neoplasia and the mechanisms underlying carcinogenic progression. Cultured human fibroblastic and stromal cells have been transformed by chemical carcinogens and radiation to express altered growth properties, anchorage-independent growth (AIG), and/or tumorigenicity in nude mice (1) (2) (3) (4) (5) . However, transformation in vitro of human epithelial cells, the cell of origin of 85-90% of human cancers, has proved more difficult. Although epithelial cell cultures derived from numerous organs of rodent model systems have been neoplastically transformed by chemical carcinogens (6) (7) (8) (9) (10) , there are few reports of carcinogen-induced transformation of human epithelial organ or cell cultures (11, 12) .
We have utilized the human mammary epithelial cell (HMEC) culture system developed in our laboratory (13) (14) (15) (16) (19) and Hs578Bst (10%) (20) as well as insulin (10 pug/ml), hydrocortisone (0.1 ,ug/ml), epidermal growth factor (5 ng/ml), estrogen (1 nM), triiodothyronine (0.01 ,uM), and cholera toxin (1 ng/ml); it was prepared as described (14, 15) . The serum-free medium, MCDB170, contains insulin (5 yg/ml), hydrocortisone (0.14 AtM), epidermal growth factor (10 ng/ml), ethanolamine (0.1 mM), phosphoethanolamine (0.1 mM), transferrin (5 ,ug/ml), and bovine pituitary extract (70 ,ug/ml) and was prepared as described (16) . In some cases, isoproterenol (1 AM) or cholera toxin (1 ng/ml) was also added to this medium.
Cell Culture. Reduction mammoplasty tissue from a 21-year-old woman (specimen no. 184) with no detectable breast epithelial cell pathology was utilized. The fresh surgically removed tissue was processed for separation of epithelial organoids from stromal components as described (13, 15) . Thirty-five ampules containing =200-300 epithelial organoids each were stored frozen in liquid nitrogen. Primary cultures were initiated from the cryopreserved organoids by quick thawing and seeding the contents of one ampule into seven to nine T-25 flasks containing 2 ml of medium. Routine cell culture was performed as described in detail (13, 15 (Fig. 1 A, B, and D) . Subculture of dishes containing any of these growth patterns could lead to appearance of any of these morphologies at the next passage. Within this heterogeneity, some trends were observed. For example, in the 184B experiment, the patches that appeared after 4-10 passages of cells from the primary cultures subjected to 10 PT or more had an appearance superficially resembling areas of hyperplastic growth in vivo ( Fig. 1 E and F) . Growing cells would pile up at the edges of flattened, senescent cells and then fill in luminal areas. Another commonly observed morphology was patches consisting of tightly packed growing cells arranged in swirls, with development of prominent ridges and "thumbprint" appearance at confluence (Fig. 1C) have thus far emerged. The development of these two lines is outlined in Fig. 2 (Fig. 3C) . By passage 25, only rare large cells were observed, and higher passage populations consisted mainly of the small cell type (Fig. 3D) , although they still appeared more heterogeneous than the untreated cell populations (Fig.  3A) and grew with less cell-cell contact at low densities.
In experiment 184B, secondary cultures were seeded at the 10th PT for the B[a]P-treated cells and at the 13th PT for the controls. At that time, the treated cells showed foci of active growth, whereas the control cells had little mitotic activity. No control cells maintained growth at 2nd passage. Secondary cultures of the B[a]P-treated cells showed foci of active growth-in this particular lineage, two actively growing patches with apparently normal light microscope morphology. These cells, designated 184Be, grew rapidly until 5th passage, when the growing cells became mixed with squamous senescent cells (Fig. 3E) . By 6th passage, most cells were senescent, but focal areas of growing cells were still present. One small tightly packed patch of dividing cells was observed that appeared morphologically unique. These cells, designated 184B5, have grown continuously upon subculture, maintaining growth as colonies of tightly packed cells (Fig. 3F) . Subculture may have selected for a more rapidly growing subpopulation since by passage 15 in medium MM, they showed a doubling time of 12-24 hr and have been subcultured thus far to passage 45 at =1:60 split ratios.
Characterization of Cell Lines. Several assays were performed to determine that the continuous lines 184A1 and 184B5 were indeed HMEC derived from HMEC specimen no. 184. Immunofluorescent assays carried out with cells at various passage levels showed that virtually 100o of the cell population from both lines contained epithelial-specific keratin fibrils and thioesterase II, a mammary epithelial cell-specific enzyme (22) . They also maintained the HMEC specific (1985) F pattern of powdery cell-associated fibronectin distribution (21) . No grossly obvious differences between the cell lines and the untreated controls were evidenced (data not shown). The human mammary milk fat globule antigens, another marker largely specific to HMEC (26) , was also present in both cell lines. However, in this case, the cell lines differed from the untreated controls and resembled tumor-derived cells (36) in their greatly increased expression of these antigens (unpublished data).
To confirm that the cell lines were derived from specimen no. 184, 184A1 cells (43rd passage), 184B5 cells (18th passage), and untreated 184 cells (7th passage) were analyzed for their profile of seven different polymorphic isozymes (23) . All three cell types had an identical profile; the probability that such a result would occur by chance is <0.01%.
To determine if the cell lines displayed properties associated with malignant transformation, adult and newborn athymic nude mice were injected subcutaneously with 1-2 x 107 cells from 184 (3rd passage), 184A1 (34th passage), and 184B5 (21st passage). No tumors were observed. Cells grown in medium MM were also tested for AIG in methocel.
Control cells and 184A1 (tested at passages showed no colony formation. Cell line 184B5 (tested at passages 26 and 27) showed 0.014% and 0.001% frequency of colony formation (<150 Am in diameter).
Glucose and B[a]P Metabolism by Cell Lines. The 184 cell strains and continuous lines were examined by two different assays utilized in our laboratory to monitor effects on HMEC of medium, state of functional differentiation, and/ or continued passage in culture. We have found (ref. 27 ; unpublished data) that production of the glucose metabolites glycogen and lactate varies considerably with the growth medium employed and is reduced in some tumor-derived cell specimens. Table 1 indicates that glycogen production is decreased in 184Aa cells grown in medium MM, whereas lactate is similar to the normal cells and responsive to media modulation. Early-passage 184A1 cells also make little glycogen and, additionally, display decreased lactate synthesis and extremely high fructose diphosphate formation. By later passages, these additional alterations have disappeared and the cell line behaves similar to the 184Aa strain. The 184B5 cell line at early passage appears more like normal cells in the amount and modulation of lactate production, but glycogen synthesis is decreased. The pattern of B[a]P metabolites formed by HMEC does not show much variation with medium or normal vs. tumor-derived cells, but, with increasing passage in medium MCDB170, the yield of metabolites, particularly the water-soluble, decreases (27) . The B[a]P-treated 184 cell strains and lines displayed' decreases in B[a]P metabolites similar to those previously found in untreated cells at equivalent passage levels, and increasing passage led to further large decreases (Table 2) .
DISCUSSION
Exposure of actively dividing HMEC to B[a]P can readily induce an extended growth potential in culture. Two continuous cell lines have emerged from these EL cells. These lines are unambiguously of human mammary epithelial origin since they retain normal HMEC characteristics of keratin, fibronectin, and thioesterase II expression. However, they do display properties that distinguish them from normal HMEC. In addition to the described alterations in glucose metabolism and increased expression of human milk fat globule antigens, other studies (to be reported in detail elsewhere) have shown that they possess properties associated with tumor-derived HMEC, such as an increased nuclear/ cytoplasmic ratio, x-ray survival curves with split-dose repair, and chromosomal aberrations. In particular, unlike the parental 184 cells and 184Aa EL culture, which display a Cells were grown in medium MM and analyzed for B[a]P metabolites as described (17, 18) . The metabolite results (nmol) are from subconfluent cultures grown in 60-mm dishes (5 ml) or T-75 flasks (15 ml (29) (30) (31) (32) (33) , where, in most cases, an EL in culture was consistently observed, whereas the establishment of continuous cell lines was a rare event. The viral transformants additionally expressed AIG and alterations in differentiated properties but, where tested, were nontumorigenic in nude mice. Disruption of the normal pathway of terminal differentiation has been suggested to be related to cancer development in vivo (34) and malignant transformation in vitro in some epithelial cell systems (35) . The factors controlling mammary epithelial cell differentiation and senescence have not been well de- fined. Unlike keratinocytes and many surface lining epithelial cells, the mammary glandular epithelia display no morphologically or biochemically obvious pathway of terminal differentiation. Functionally differentiated cells of the lactating gland still retain some capacity to grow in culture even after being shed into the milk fluids (32, 36) . It is hoped that further examination of the B[a]P-treated cell lines and strains for expression of differentiated functions, responsiveness to growth-controlling factors, and the mechanisms underlying their expanded and indefinite life span may further our understanding of both the normal processes of HMEC differentiation as well as the aberrant processes that occur during malignant transformation.
